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( $k=1,2,$ $\cdots$ $k=0$
).
Hilbert $k=0,1,2,$ $\cdots$





: $\hat{H}=\sum_{k}\hat{H}_{k}$ . $A\equiv e^{-\beta\hat{H}_{k}}/tr[e^{-\beta\hat{H}_{k}}]$





$\triangle F^{M}$ ( )
$W_{meas}^{M}$
$W_{meas}^{M}\geq-k_{B}T(H-I)+\Delta F^{M}$ (3)
[4]. $H \equiv-\sum_{k}p_{k}\ln$ Shannon












Landauer [1]. $\Delta F^{M}>0$ Landauer
(4)
III.








$W_{meas}^{M}+W_{eras}^{M}\geq k_{B}TI$ . (7)
( ) Shannon
(3) (4)
( $\triangle F^{M}$ )
(7) 0
(7) Landauer (5)
$\bullet$ (7) (5) Shannon
Shannon










(1) (7) S M
$W_{ext}^{s}-W_{meas}^{M}-W_{eras}^{M}\leq-\triangle F^{s}$ (8)












1 ( 2), (4)
$k_{n}Tl\rangle\alpha^{0’}\cdot,\eta_{-}^{1}tb)^{1}0^{n}1^{n}R^{*}$












Landauer (5) Shannon $H$ $H(p)\equiv-p\ln p-(1-$





[1, 2, 10-12] :
$\triangle S\geq\beta Q$ . (9)
$Q$ $\triangle S$ Shannon































$\bullet$ $k_{B}TI$ $k_{B}TH$ 1
$\bullet$
110




















(9) Crooks [10, 11]
$($ $T\equiv(k_{B}\beta)^{-1})$ $0$ $\tau$
$\lambda$ (




$q$ $p$ $x=(q, p)$ $x^{*}=(q, -p)$ $x$
$x^{\dagger}\equiv\{x^{\uparrow}(t)\}_{0\leq t\leq\tau}$ $($ $x^{\dagger}(t)\equiv x^{*}(\tau-x))$
Crooks









$\frac{P^{1}[x^{1}|x_{0}^{\dagger}]P(x_{\tau})}{P[x]}=e^{\ln P(x_{\tau})-\ln P(x_{0})+\beta Q[x]}$ (A2)
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$P[x]$ $x$








$\langle e^{\ln P(x_{\mathcal{T}})-\ln P(x_{0})+\beta Q[x]}\rangle=\int dx_{0}^{\dagger}\mathcal{D}_{X}\ddagger_{>0}P^{\dagger}[x^{\dagger}|x_{0}^{\dagger}]P((x_{0}^{\dagger})^{*})=1$ (A4)
Jensen
$S_{\tau}-S_{0}\geq\beta\langle Q\rangle$ (A5)
$S_{\tau}$ $=$ $- \int \mathcal{D}xP[x]\ln P(x_{\tau})$ $=$ $- \int dx_{\tau}P(x_{\tau})\ln P(x_{\tau})$ , So $=$





$\hat{\rho}^{M}(t)\equiv tr_{B}(\hat{\rho}(t)),\hat{\rho}^{B}(t)\equiv tr_{M}(\hat{\rho}(t))$ ,
$\hat{\rho}_{can}^{B}\equiv e^{-\beta\hat{H}^{B}}/$tr $(e^{-\beta H^{B}})$ ( $\hat{H}^{B}$ ).
$0$ $\tau$ $\hat{\rho}(0)=\hat{\rho}^{M}(0)\otimes\hat{\rho}_{can}^{B}$ (
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